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(54) Solar cell module having a specific surface side cover excelling in moisture resistance and 
transparency 



(57) A solar cell module comprising a photovoltaic 
element having a light receiving face on which a collect- 
ing electrode having an electrically conductive coat and 
a surface side cover comprising a filler and a surface 
protective film sequentially laminated on the light inci- 



dent side of said photovoltaic element, wherein a thin 
resin layer is interposed between said photovoltaic ele- 
ment and said filler such that gaps present in said con- 
ductive coat of the collecting electrode are filled by said 
thin resin layer. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

The present invention relates to a solar cell module excelling especially in moisture resistance and transparency. 
More particularly, the present invention relates to a solar cell module improved so that the solar cell characteristics are 
effectively prevented from being deteriorated due to a reduction in the shunt resistance and the like of the photovotaic 
10 element when used under environmental conditions with high temperature and high humidity over a long period of time. 

Related Background Art 

Recently, a number of solar cell modules have been proposed. FIG. 1 is a schematic cross-sectional view illustrating 

is the constitution of a typical example of these solar cell modules. In FIG. 1 , reference numeral 1101 indicates a photo- 
voltaic element (or a solar cell) having a collecting electrode 1108, reference numeral 11 02 a surface side filler, reference 
numeral 1103 a surface protective layer (or film), reference numeral 1105 a back side filler, reference numeral 1106 a 
insulating member, and reference numeral 1107 a support member (or a back face reinforcing member). Particularly, 
the surface protective layer 1103 comprises a fluororesin film such as an ethylene-tetrafluoroethylene copolymer (ET- 

20 FE) film or polyvinyl fluoride (PVF) film; the surface side filler 1102 comprises ethylene vinyl acetate copolymer (EVA) 
or butyral resin; the back side filler 1105 comprises EVA (which is the same as the surface side filler 1102) or ethylene- 
ethyl acrylate copolymer (EE A); and the insulating member 1106 comprises a film of an organic resin such as nylon 
or polyethylene terephthalate (PET) or a member comprising an aluminum foil sandwiched with Tedlar (trademark 
name). In this solar cell module, the surface side filler 1102 serves also as an adhesive between the photovoltaic 

25 element 1101 and the fluororesin film as the surface protective layer 1103, and the back side filler 1105 serves also as 
an adhesive between the photovoltaic element 1101 and the insulating member 11 06. The fluororesin film as the surface 
protective layer 1103 together with the surface side filler 1102 serve to prevent the photovoltaic element 1101 from 
being eternally damaged and from being suffered from external shock. The insulating member 1106 is disposed in 
order to reinforce the solar cell module while adding an appropriate rigidity thereto. 

30 The collecting electrode 1108 of the photovoltaic element is usually formed by using a metallic wire coated by an 

electrically conductive composition or by way of screen printing of an electrically conductive paste. 

In such solar cell module, EVA is usually used as the surface side filler 1102. And in order to sufficiently enclose 
the photovoltaic element 1 101 , a crosslinking agent such as 2,5-dimethyl-2,5-bis(t-butylperoxy)hexane (one-hour half 
life temperature: 1 38 ° C) is incorporated into the EVA as the surface side filler. Besides this, it is known to use a peroxide 

35 compound capable of being decomposed at low temperature as the crosslinking agent for the EVA, where the EVA is 
crosslinked by way of decomposition of said peroxide compound at low temperature. In the case of using said peroxide 
compound as the crosslinking agent for the EVA as the surface side filler, in the lamination process for producing a 
solar cell module, the crosslinking of the EVA as the surface side filler proceeds at a high speed (this will be hereinafter 
referred to as high speed EVA crosslinking manner) and therefore, the heat treatment in the lamination process can 

40 be accomplished for a short period of time, resulting in reducing the period of time required for the lamination process. 
The use of the high speed EVA crosslinking manner provides other advantages in that since the heat treatment in the 
lamination process can be accomplished for a short period of time as above described, the quantity of heat energy 
applied to covering materials including the EVA as the surface side filler and a fluororesin film as the surface protective 
film in the heat treatment is relatively small so that the covering materials are prevented from being yellowed due to 

45 the heat energy applied and therefore, the formation of a surface side cover excelling in optical initial characteristics 
can be attained for the photovoltaic element. 

In the case of a solar cell module having the foregoing surface side cover excelling in optical initial characteristics 
formed by way of the high speed EVA crosslinking manner, the fluororesin film which is present in the surface side 
cover as the surface protective film situated on the outermost surface side has a satisfactory water repelling effect of 

so preventing an influence of moisture but it is difficult to attain a satisfactory moisture barrier function by the fluororesin 
film only. In addition, the photovoltaic element is sealed by the EVA having a high water absorbability which is situated 
under the fluororesin film. Because of this, the solar cell module is not sufficient enough in terms of ensuring its long- 
term stability in the case where the solar cell module is continuously used under environmental condition with high 
temperature and high humidity. Further, in the case where the collecting electrode of the photovoltaic element comprises 

ss a metallic wire coated by an electrically conductive composition comprising particles of an electrically conductive ma- 
terial and a binder resin, the coat of the metallic wire is unavoidably accompanied by gaps present among the electrically 
conductive particles which are left without being sufficiently filled by the binder resin, where the metallic wire is not 
sufficiently protected in a state that it can be prevented from being contacted with moisture. 
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Now, the high speed EVA crosslinking manner is advantageous in that the EVA can be crosslinked for a short 
period of time but it is problematic in that the period of time during which the EVA is maintained in a fluidized state is 
short and because of this, irregularities present at the photovoltaic element and the gaps present at the collecting 
electrode comprising the metallic wire coated by the electrically conductive composition are not sufficiently filled by 
the EVA to provide unfilled defects in the solar cell module. This situation is liable to cause such problems as will be 
described in the following. When moisture is invaded into the solar cell module, the moisture passes through said 
unfilled defects to reach the metallic wire of the collecting electrode. In this case, the metallic wire is oxidized to cause 
an increased series resistance (Rs) or/and the metal of the surface of the metallic wire is ionized or/and precipitated, 
where when the photovoltaic element is in a voltage applied state, the metal ionized or precipitated is migrated to 
deposit in the defects of the photovoltaic element, resulting in causing short circuits (or shunts) in the photovoltaic 
element. These become causes to deteriorate the photoelectric conversion performance of the solar cell module par- 
ticularly when the solar cell module is continuously used under severe environmental condition with high temperature 
and high humidity over a long period of time. 

Further, for the collecting electrode comprising the metallic wire coated by the electrically conductive composition, 
when the moisture is invaded into the electrically conductive composition as above described, there is a tendency that 
the adhesion between the collecting electrode and the photovoltaic element gradually become inferior to provide an 
increased contact resistance between them, where the electric power generated by the photovoltaic element cannot 
be efficiently utilized over a long period of time. 

Even in the case where the collecting electrode is formed by way of screen printing of an electrically conductive 
metal paste, the collecting electrode formed of the metal paste is liable to have gaps as well as in the case of the 
collecting electrode comprising the metallic wire coated by the electrically conductive composition. Therefore, there is 
a tendency that when moisture is invaded into the solar cell module, there is a tendency that problems similar to the 
foregoing problems in the case of the collecting electrode comprising the metallic wire coated by the electrically con- 
ductive composition are occurred in that the metallic material of the collecting electrode is ionized or/and precipitated, 
where the metal ionized or precipitated migrates to deposit in the defects of the photovoltaic element, resulting in 
causing short circuits (or shunts) in the photovoltaic element. 

In addition, in the case where a glass fiber member is contained in the surface side filler comprising the EVA in 
order to make the surface side cover have an improved scratch resistance, a problem is liable to occur in that moisture 
is often invaded through the interlace between the glass fiber member and the surface side filler, where it is difficult to 
sufficiently protect the photovoltaic element from moisture invasion. 

Now, in the case of using EVA and a conventional crosslinking agent in combination as the surface side filler in 
the production of a solar cell module, since the period of time during which the EVA is crosslinked by the crosslinking 
agent is made to be relatively long, the EVA is maintained in a fluidized state for a relatively long period of time. 
Therefore, the irregularities present at the photovoltaic element and the gaps present in the collecting electrode are 
possible to be sufficiently filled by the EVA. However, if the gaps present in the collecting electrode could be sufficiently 
filled by the EVA, there is a tendency that since the EVA itself has a high water absorbability as above described, it is 
difficult forthe correcting electrode to be sufficiently prevented from suffering from moisture invasion. Hence, it is difficult 
to attain a solar cell module having an improved moisture resistance. Besides this, when the EVA by which the gaps 
of the collecting electrode are filled contacts with the metallic wire of the collecting electrode, there is a tendency that 
the EVA is yellowed to entail a problem in that the quantity of light to be arriving in the photovotaic element is diminished 
to case a reduction in the photoelectric conversion efficiency provided by the photovoltaic element. 

By the way, in order to attain a solar cell module having an improved moisture resistance, there are a number of 
proposals to use a glass member as the outermost surface covering member of the solar cell module. According to 
these proposals, to use the glass member as the outermost surface covering member of the solar cell module makes 
it possible to prevent moisture invasion into the solar cell module from the surface side but it is difficult to sufficiently 
prevent moisture invasion into the solar cell module from the side faces thereof. In order to prevent the moisture invasion 
from the side faces of the solar cell module, there is known a manner of sealing the side faces of the solar cell module 
by means of a silicone sealant. However, this manner is problematic in that the sealed side faces by the silicone sealant 
is poor in long-term moisture resistance and moisture once invaded into the solar cell module is hardly released to the 
outside. And for the solar cell module having the outermost surface cover comprising the glass member, there are 
problems such that it is inferior in flexibility and shock resistance, and is weighty and costly. 

Besides, in order to attain a solar cell module having an improved moisture resistance, there is known a manner 
of making the surface protective layer comprising an organic resin film such as a fluororesin film have an improved 
moisture resistance by depositing a film of Si0 2 , SiO x or an alumina on at least one of the opposite surface of the 
organic film by means of the CVD sputtering process. However, the film deposited on the organic film as the surface 
protective layer is often colored so that it is poor in transparency and because of this, the resulting solar cell module 
is inferior in initial characteristics. Further in this case, the film deposited on the organic film as the surface protective 
layer is usually highly crystalline and therefore it is hard. Hence, the flexibility which is a representative feature of the 
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film module is diminished, and the film deposited on the organic film as the surface protective layer is liable to crack 
in a state ol allowing moisture invasion when the module is excessively bent. Therefore, this manner is not always 
effective in improving the moisture resistance of the solar cell module. 

Now, a solar cell module is often used by installing it on a roof of a building. In this case, in order for the solar cell 
s module to be used in a given country, the solar cell module is necessary to meet the requirements prescribed in the 
standard relating to roofing materials in that country. As one of the requirements, there is combustion test. In order to 
pass the combustion test, the amount of the EVA belonging to a combustible resin which is used in the solar cell module 
as the sealing material is necessary to be decreased. However, in the case where the amount of the EVA used in such 
solar cell module as above described is decreased, the protective ability of the surface side cover to protect the pho- 
to tovoltaic element is diminished accordingly. In order to solve this problem, there is a proposal of reinforcing the EVA 
by means of a glass fiber member. In this proposal, there is employed a manner of disposing the glass fiber member 
in the surface side cover so that the surface side cover has an ability of protecting the photovoltaic element. In this 
case, it is necessary to use the EVA in such an amount that the glass fiber member can be sufficiently packed in the 
surface side cover. However, the solar cell module having such a surface side covering configuration is difficult to be 
is approved that it is a roofing material belonging to Class A in the combustion test prescribed in UL 1703 Standard of 
the U.S.A. 

SUMMARY OF THE INVENTION 

20 An object of the present invention is to provide a solar cell module having an improved surface side cover which 

enables to solve the foregoing problems in the prior art. 

Another object of the present invention is to provide a solar cell module having an improved surface side cover 

excelling especially in moisture resistance and transparency. 

A further object of the present invention is to provide a highly reliable solar cell module which slightly suffers from 
2S not only a reduction in the shunt resistance (Rsh) but also a rise in the series resistance (Rs) and continuously exhibits 

a desirable photoelectric conversion performance without being deteriorated, even upon the continuous use over a 

long period of time under severe environmental condition with high temperature and high humidity. 

A further object of the present invention is to provide a highly reliable solar cell module comprising a photovoltaic 

element (or a solar cell) having a light receiving face on which a collecting electrode having an electrically conductive 
30 coat is disposed and a surface side cover comprising a filler and a surface protective film (comprising a surfatransparent 

fluororesin film) sequentially laminated on the light incident side of said photovoltaic element, wherein a transparent 

thin resin layer is interposed between said photovoltaic element and said filler such that gaps present in said conductive 

coat of the collecting electrode are filled by said thin resin layer. 

A further object of the present invention is to provide a highly reliable solar cell module comprising a photovoltaic 
3S element (or a solar cell) having a light receiving face on which a collecting electrode formed of an electrically conductive 

paste is disposed and a surface side cover comprising a filler and a surface protective film (comprising a transparent 

fluororesin film) sequentially laminated on the light incident side of said photovoltaic element, wherein a transparent 

thin resin layer is interposed between said photovoltaic element and said filler such that gaps present in said collecting 

electrode formed of said electrically conductive paste are filled by said thin resin layer. 
40 In the present invention, the use of the specific thin resin layer in the surface side cover of a solar cell module 

provides various advantages as will be described below. . 

(1) There can be attained a surface side cover for a solar cell module. Particularly, the specific transparent thin 
resin layer may be formed by applying a given liquid resin on a photovoltaic element (or a solar cell) having a collecting 
electrode comprising a metallic wire coated by an electrically conductive composition composed of electrically con- 

45 ductive particles and a binder resin thereon to form a coat and curing said coat. In this case, gaps present in the coat 
of the collecting electrode without being filled by the binder resin are filled by the liquid resin and the liquid resin in said 
gaps are cured, where the gaps present in the coat of the collecting electrode are sufficiently-filled. By this, the collecting 
electrode is prevented from suffering from moisture invasion therein. In more detail, the metallic wire constituting the 
collecting electrode is prevented from being oxidized by moisture invaded, where the collecting electrode is prevented 

so from suffering from not only a reduction in the shunt resistance (Rsh) but also a rise in the series resistance (Rs). 
Similar advantages are provided also in the case where the collecting electrode is formed by using an electrically 
conductive paste (a metal paste). Particularly, moisture invasion into the collecting electrode is effectively prevented, 
and in addition, precipitation of a metal ion and metal migration are effectively prevented. 

(2) There can be attained a surface side cover excelling in initial translucency. Particularly, an appropriate resin 
55 can be selectively used as the surface side filler and the heat treatment in the lamination process for producing a solar 

cell module can be accomplished for a short period of time, where the materials used for the formation of a surface 
side cover for the solar cell module are prevented from being colored in the lamination process. Hence, there can be 
attained a solar cell module having an improved surface side cover excelling in initial translucency. 
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In addition, it is possible to use a crosslinking agent capable of decomposing at low temperature for crosslinking 
the surface side filler. In this case, the amount of the crosslinking agent remained without being decomposed in the 
surface side filler after the lamination process is greatly diminished and because of this, there can be attained a surface 
side cover for a solar cell module, which is free of a coloring problem due to the residual crosslinking agent. 
5 Further, it is possible use a glass fiber member together with an adhesive of an acrylic resin in the surface side 

cover. In this case, EVA used as the surface side filler is prevented from being colored. 

(3) There can be attained a surface side cover excelling in heat resistance for a solar cell module. Particularly, the 
use of the specific transparent thin resin layer in the surface side cover provides advantages in that there can be attain 
a surface side cover having an improved surface physical strength, and the amount of EVA used as the surface side 

10 filler can be diminished, where there can be attained a desirable solar cell module which can be approved that it is a 
roofing material belonging to Class A in the combustion test prescribed in UL 1703 Standard of the U.S.A. 

(4) There can be attained a surface side cover having an improved scratch resistance for a solar cell module. 

(5) There can be attained a surface side cover having an improved electrical insulating property for a solar cell 
module. Particularly, moisture invasion from the surface of the solar cell module on the light incident side is effectively 

is prevented and because of this, the leakage of electric current to the outside is effectively prevented. 

(6) There can be attained a surface side cover excelling in flexibility for a solar cell module. Particularly, it is possible 
to attain a surface side cover having a sufficient moisture resistant for a solar cell module without using a glass member, 
a deposited film or the like which are poor in flexibility. Hence, there can be attained a desirable solar cell module which 
is light weight and excels in shock resistance and moisture resistance. 

20 (7) There can be attained a surface side cover excelling in exterior appearance for a solar cell module. Particularly, 

the specific transparent thin film resin layer is formed by using the liquid resin as above described. Upon the formation 
of this transparent thin resin layer, the uneven surface of the photovoltaic element can be smoothed and therefore, 
there can be attained a surface side cover excelling in exterior apprearance. Because of this, even in the case where 
the previously described high speed EVA crosslinking manner in which the period of time during which the EVA main- 

25 tained in a fluidized state is short is employed, there can be attained a surface side cover with no packing deficiency 
and which excels in exterior appearance. 

Further, the metallic wire constituting the collecting electrode is never contacted with EVA used as the surface side 
filler and because of this, the EVA is not colored. Hence, there can be attained a solar cell module having a desirable 
surface side cover having an excellent exterior appearance which is maintained without being deteriorated because 

30 the constituents of the surface side cover are not colored, where the solar cell module continuously exhibits a desirable 
photoelectric conversion performance without being deteriorated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 FIG. 1 is a schematic cross-sectional view illustrating an example of a conventional solar cell module. 

FIG. 2 is a schematic cross-sectional view illustrating an example of a solar cell module according to the present 
invention. 

FIG. 3 is a schematic cross-sectional view illustrating an example of a photovoltaic element (or a solar cell) which 
can be used in the present invention. 
40 FIG. 4 is a schematic cross-sectional view illustrating an example of a configuration of a thin film resin layer formed 

at a collecting electrode in the present invention. 

FIG. 5 is a schematic cross-sectional view illustrating another example of a solar cell module according to the 

present invention. 

45 DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

The present invention will bedetailed with reference to embodiments which will be described below. It should be 
understood that the present invention is restricted by these embodiments. 

FIG. 2 is a schematic cross-sectional view illustrating the constitution of an example of a solar cell module according 
50 to the present invention. 

In FIG. 2, reference numeral 101 indicates a photovoltaic element (or a solar cell) having a collecting electrode 
108, reference numeral 102 a transparent thin resin layer, reference numeral 103 a surface side filler containing a 
glass fiber therein, reference numeral 104 a transparent or substantially transparent film which is positioned at the 
outermost surface (this film will be hereinafter referred to surface protective film or surface protective layer), reference 
ss numeral 105 a filler on the rear side of the photovoltaic element 101 (this filler will be hereinafter referred to as back 
side filler), reference numeral 106 an insulating film (or a back face protective film), and reference numeral 107 a back 
face reinforcing member. The back face reinforcing member 107 is not always necessary to be used. It may be used 
in case where necesarry. 
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, ,u . moH.ua shown in FIG 2 liqht 100 is impinged through the side of the surface protective film 104, 
. "^hf^naed ^naLSgh he surface protectee film 104, the surface side filler 103 and the transparent 
£ T S Z^02^TeZZ photovotta* e.enTent 101. A P hotoe,ectromotK,e force generated in the ohotovolta.c 

ntp^reS 

fn FIG 3 %^nce num^al 201 indicates an e.ectroconductive substrate, reference numeral 202 a back ref acting 
.ave rXencf numeral 203 a photoactfve semiconductor layer, reference numeral 204 a transparent and electncaHy 

, ^SZZe^Zr^e numeral 205 a collecting electrode (or a grid electrode), and ref erence numeral 206 a coat 
fnrmao usina an electrically conductive paste by which the collecting electrode 205 is coated. 
'° m t7o^eSZnX shown in FIG. 3 comprises the back reflecting layer 202 the > PM~*£ 
lave 203 the transparent and electrically conductive layer 204 disposed in the named order on he e,ect ^° ndu ^ ve 
Xtrate 201 The collecting electrode 205 with the coat 206 is disposed on the surface of the transparent and elec- 

S fl^nductlTe 1^204 And the photovoltaic element shown in FIG. 3 has a pair of power outputt.ng terminals 
H*S£m5TJ!Z fwo P^we outputting terminals is eiectricalty connected to the collecting electrode 205 and it 
not shown). One oinemop ^ a n b ■ insuteted by means of an insulating member (not shown), 

L S nd1he n Se 7we7ouTuS J^^LSSy connected to the e.ectroconductive substrate 201 . In this con- 
fiouraton the poslive side power outputting terminal and the negative side power outputt.ng terminal may be , changed 

■o [rfnTgat^e sTde power outputting terminal and a positive side power outputting terminal depending upon the con- 
stitution - ^•S^SS^S--^ an example of a configuration in the case where the t^s- 
thin r^in^vl; 1 02 fsee FIG 2) is formed on the light receiving surface of the photovofta.c element shown n 
7 raTTJ^^^^rtilod. 205 with the coat 206. As shown in FIG. 4. the transparent thin resin 

>s fever 1 02 fs fLea such that gaps present in the coat 206 are filled by the transparent thin resin layer. As long as the 
«£. IsemTthe coat 206 are filled by the transparent thin resin layer, it is not necessary for the transparent thin 

"^SSSlSSSl. will made of each of the constituents of the solar eel, module according to the present 

""raCelsStd' as the photovoltac element 1 01 in the solar cel. module according to the present invention, 
3S a photovoltaic element having the constitution shown in FIG. 3 may be desirably used, 
nptaiied escriotion will be made of the photovoltaic element shown in FIG. 3. 

^XSX^u^ ^strate 2S1 serves not only as a substrate for the photovoltaic element but also as 
a ,olSSthe electricalty conducts substrate 201 , the re is no particular restr^n as £ng a s h a an 
electricallv conductive surface. Specifically, it may be comprised of a metal such as Ta, Mo, W. Cu, Ti, Al, or the l.Ke 
* 0 ™ S£ ofTese metals as stainless steel. Other than these, the electrically conductive substrate may compnse a 

be composed S a met^such as Ti. Or. Mo, W, Al, Ag, Ni.or the like. The metal oxide layer may compnse any of ox,des 

so UtMi Th d e back reflecting layer 202 may be formed by a conventional film-forming technique such as resistant heating 

evaporation, electron beam evaporation, or sputtering. „u_»«aMk. fl aam \mn. 

The ohotactive semiconductor layer 203 functions to conduct photoelectric conversion. The photoactive sem.con 
ductlMaJe°mav be composed of a single crystal silicon semiconductor material, a non-single crystal s icon sem.con- 
d c to Ser^h a7an amorphous 9 silicon semiconductor materia, (including a "^^-J^ 
55 ductor materia.) or po.ycrystalline silicon semiconductor material, or a compound JE^SSE 
the photoactive semiconductor layer comprised ol any of these semiconductor materials may be of a stacked structure 

with a pin junction, a pn junction or a shottky type junction. cdS/CdTe 
Specific examples of the compound semiconductor material are CulnSe* CulnS 2 . GaAs, CdS/Cu 2 S, CdS/CdTe, 
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is 



20 



2S 



30 



3S 



40 



4S 



CdS S e phoSIl ££2£r layer comprised of any of the above mentioned semiconductor materia.* may be 
form* ^rac^v^fllm-forming technique. For instance, the non-single crystal si. ^f^ a ^^^ 
\ZZ mav be formed by a conventional chemical vapor phase growing technique such as plasma CVD or light-induced 
CVD ZaoXo^i^Z raw material gas capable of imparting silicon atoms such as silane gas or a conv°nt™a 
^vsicarvaDor Zse growing technique such as sputtering using a Si-target. The photoactive semiconductor layer 
clTosed of a ScrysSsiHcon semiconductor materia, may be formed by a conventional polycrysta. n e s,.icon 
rit ZSig a fused silicon material and subjecting the fused silicon material to film-making 
p^esTgraToSe,^ Conventional poiycrystalline siUcon fi.nvforming manner of subjecting an amorphous si.icon ma- 



10 ^^S^Zl^con^cXor layer composed of any of the above mentioned compound Nmkxndu^ m^ 
rials Z * ^lo^by a conventional L plating, ion beam deposition, vacuum evaporation, sputtering, or electrode 
♦ Q ^hr,ir,.iP in which a DreciDitate is caused by way of electrolysis of a desired electrolyte. 

technique , whKh a conduc Le layer 204 functions as an upper electrode. The transparent and elec- 

The transparent and electrically conoucuv y orCd2SnO4.Otherthanthis.it may 

tricallv conductive ayer may comprise In^, Sn0 2 , ITO (in^-tonu^. ' '^2 ^2 4 
rTmorise J Tcn/stalline semiconductor layer doped with an appropriate impurity with a h.gh concentration. 
^TiS^JTSStaUhf conduct^ tayer constituted by any of the above mentioned materials may be 
wmld bv a ^conventional resistant heating evaporation, electron beam evaporation, sputtering, spraying, or CVD 

laver mav be formed by a conventional impurity-diffusion film-forming process. „ mi „„ n H„ntr,r 
y ^he way, for a photovoltate element obtained by forming a back reflecting layer, a Pj 01 ^^ 0 "^ 
la « e ^nd aTransoarent and electrical V conductive layer in the named order on an electncally conductive substrate, rt 
X£Z£Z£££ by short circuit defects that the electrically conductive substrate and the ^ransparen and 
!£S^dS layer L partial* short^ircurted due to unevenness of the electrical* condu otive substrate , or/ 
" ^ u ^venness of the photoacL semiconductor layer occurred in its formation. There is a tendency for the photo- 

vo^cTe^^^ 

that a larae leakaae current is flown in proportional to the output voltage. U.S. Patent No. 4,729,970 discloses a manner 
Jr^ha^^ctoTcteteote present in a photovoltaic element. It is possible to make the photovottaic element 
navTa Teh snS ciSdef e^ into a defect-free photovoltaic element by repairing it in accordance wrth the manner 
MbZtS^c!!^ in general, a photovoltaic element is usable as long as it has a shunt resistance as 

204 In S5££2ttJ^nE collecting eiectrode 205 is covered by Jj-^c— 
coat 206 This may be formed by a manner of providing a metallic wire with a res.stivrty of 10^2 cm made of a meta 
sucnTs V Aq n! cTsn, or Pt as the collecting electrode 205 and coating said metallic wire by an electncally 
onductivl' p^te as Ihe electricaily conducts coat 206) comprising particle, of an ->^££££^ 
thereinafter referred to as electrically conductive particles) dispersed in a binder resin. As the electrically co " du «^ 
oartTcTes there <Z Tbe mentioned Ag fine powder. Au fine powder, Cu fine powder. Ni fine powder, and carbon fine 
powder As the b^de! I L c!n be mentioned popster resin, epoxy resin, acry.ic resin, a.kyd resm, po.yv.nyl 
acetate rubber urethane resin, phenol resin, butyral resin, and phenoxy resin. 

For\he Skness of the coat 206. it is preferably in the range of from turn to 1 00 pm, more f^*^mw 
of from 1 uTto 50 urn In the case where the thickness of the coat 206 is less than 1 pm, a problem is liable to enta, 
2 ^*2££EZX» collecting electrode 205 comprising the metallic wire onto the <"£T^£?£? 
conductive layer 204 with a sufficient adhesion. In the case where the thickness of the coat 206 s beyond M 100 ^pm, a 
conductive ^JJ" xhe WdhX receiving surface of the photovoltaic element is excess.yejy shielded and as 

S^J^X?^^ P"ic elements diminished to reduce the photoelectric conversion 
^ThTcollecting electrode in the photovoltaic element used in the present invention is not limited to the one shown 

" T^SiTE ^^^X^ ^ -en printing an 

specmca.^ ine, pattern; a collecting electrode formed by 

ttZ m £Z2^«^£££™ P-ted e.ecUicalfy conductive paste by means of a solder; and 
Sec "nc "etoctK^tomned by a manner of forming a metal film of any of the abovennentioned metals over the ent.re 
surte b^^ver^l sputtering or CVD process and subjecting the metal film to etching treatment to form a 

deS Th?foSng pair of power outputting terminals (not shown in the figure) serve to output an electromotive force. 
Oae^ to ZpZTo^s terminal is electrically connected to the collecting electrode by means of. for instance, 
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an electroconductrve paste. Alternative* the e.ectrica. connection in this case may be conducted by using an appro- 

the intearated body on an insulating member such max a aesirea vuuay* 

S description will be made of other constants than the photovolta.c element 1 01 .n FIG. 2. 
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Surface Protective Film 



50 



the surface protective film is required to excel in to^p*' ™ * used outdoors it is required for the surface 

requirements, such lilm can include films ol nuotoresns sucri as t ^ ' e „,„,„, FEP ( »,relluo.oeth- 

(po^nyinuonda re*), ^ r ^^^^^^^£^''S^. W „m Is supe.lo, In 

electron beam irradiation treatment, or flame treatment. 



55 



Surface Side Filler 



.wL.« ™niromonte: the surface side filler is comprised of 
ol quickly causing crosslinking reaction upon crossl.nk.ng the fife r ™* . as , he surface side fl „ e r. 
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For the decon.posnion temperature ot the organic .P^^-^^KK^^^ 
•C. In the case where the decomposition ^^^^^^e ^fk is close to the decomposition 
a problem is liable to entail in that bee ause the ctesolu t on ^^^^^ aiz ^^ el8t008h ^ 
temperature of the organic peroxide, the per.od oft md^taMn ^ ^ ^ ^ ^ 

.SS^Sste- 

upon thermWession-bonding the g^«*mlm***M*m«*mp«* 
surface protective layer whi.e being crossl.nked^ 

of time for the *«noo«np««>*«^ genera., these conditions are property 

thermodecomposition temperature of the or0KP«^ rf^ organte peroxide in the filler resin is thermany 
determined to be such that 60% or more or preferably, f ^omo^sionSonding to the photovoltaic element and to 
decomposed, wherein the filler resin m objected to ^ em «^ e ^^-bondlng treatment may be conducted 
the surface protective layer while ^ «^^i^SSSSS«lon manner using a lamination fns.ru- 
ZZZSSS^J^ CS;^ in - air bac k system and the inside of the a,r 

S2 s stem is vacuumed to press the object by ^^^^^ side filer by means of the crossing 
in order to facilitate the crosslinks react.on of the filter re*, as the ^rtac y crosslin king agent. 

rramo^IdcS^ 

stjss: ^^^^^^xs^ ~ be in ,he ran9e 01 

ss hi9 ~ pheno1 

andaUert-butyM^^ 

» distearylthiopropionate. ,„»i„viri*ni arstriDhenvlphosphate, diphenylisodecylphosphate, phe- 

Specific examples of the phosphorous series anttox dant are * p . £ ' cyc |icneopentane- 

nyfdiisodecylphosphate. ****««^^ 

butylphenyl)octylphosphate. combination of two or more of them. 

These antioxidants may be used erther s.ngly or in c ^ b ^ ,on de fi||er so tnat lt can b e further etfec- 

Further, in order to attain a further improved "T^^^^SSSv protect a layer situated under the 
« tive V prevented from suffering from light d 9 "2T * a pplriate U V absorber. For the amount of 

^SEatffltS^^r^™ ^ 0 P S part by weight versus fOO parts by 



weight of the filler resin. 
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A, such uv absorber mere can be used chemical compounds usable as an UV absorber. As such charted 
c^HlttZ canCiemlonad eallcyllc acid aarles compounds, benzoph.none s.rtae compounds. b.nzotnazole 

Phe sSrtc'axamoles of such benzophenon. series compound are 2,-udlhydroxybenzophenona. 'tV***™* 
u ^h^^ 2 h»*o»^wb.nzophenono, 2*yd.oxy-tdo=feoyloxyban 2 ophenona. 2.2Ud,hydrox«. 

"^SL amoun, 0. the hhdered amine s.rles photo eUbllizar to be added, it is dasimd to be in ma rang, o, .rem 

' OW fn^ale where a solar cell module is used under severe environmental condrtions, it is desired to have a marked 
mt^^SS^!!^ side filler and the photovoftaic element but also between the surface s,de filer 

"TorSo^ 

X^S^^e, ^aminopropyltriethoxysilane. N-phenyl-raminopropy.tnmethoxys.lane. Y -mercapto- 

^tTS^^ arrfving in the photovoltaic element the 

surtaTside fi^ I °£tod to be substantially transparent. Specifically, it is desired for the surface m*W* «> have 
. ^ !^m1L? nreferablv 80% or more or more preferably 90% or more in a vis.ble light wavelength reg.on of 

temperature of 25 °C. 
Thin Resin Layer 

The thin resin laver 102 is disposed on the light receiving face of the photovoltaic element 101 such that at least 
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venting it from invading into the photovoltaic element. Hence, the thin resin layer 1 02 is required to excel in transparency 
and in addition, it is required to be high in moisture resistance and sufficiently low in moisture permeability. Particularly, 
the thin resin layer is desired to have a moisture permeability of 0.01 to 20 g/m 2 .day or less in an atmosphere of 40 
°C and 90%RH. 

s In addition, for the thin resin layer, it is required not to behave such that it hinders light to be arriving in the photo- 

voltaic element. For this purpose, it is desired for the thin resin layer to have a light transmittance of preferably 80% 
or more or more preferably 90% or more in a visible light wavelength region of 400 nm to 800 nm. Further, in order to 
facilitate external light to be readily impinged into the photovoltaic element, the thin resin layer is made such that it has 
a refractive index of preferably 1.1 to 2.0 or more preferably 1.1 to 1.6 at a temperature of 25 °C. 

10 The thin resin layer 102 may be comprised of a resin material selected from the group consisting of acrylic resins, 

silicone resins, fluorine-containing resins and mixtures of these resins and inorganic compounds such as inorganic 
polymers. The inorganic polymer herein can include organosiloxane polymers. 

In order for the thin resin layer 102 to have a sufficient moisture resistance, the thin resin layer is desired to comprise 
a cured film having a crossiinked network molecular structure therein. Such cured film may be formed by way of moisture 

is curing, curing with the use of an isocyanate, or heat curing with the use of a blocked isocyanate. In a preferred em- 
bodiment, the thin resin layer is formed by thermally crosslinking an acrylic resin and an inorganic polymer comprising 
an organosiloxane polymer with a isocyanate blocked by a blocking agent. For the blocking agent, it is desired to have 
a dissociation temperature of 80 °C to 220 °C. When the dissociation temperature is less than 80 °C, the resulting 
resin is liable to be short in pot. When the dissociation temperature is beyond 220 °C, the constituents including acrylic 

20 resin of the resulting resin are liable to thermally deteriorate and color, resulting in imparting negative influences to the 
photovoltatic element. For the blocking agent after having thermally dissociated, it is partially remained in the resulting 
resin and therefore, it is necessary to selectively use an adequate blocking agent which does not cause coloration with 
the constituents of the resulting resin even if the resulting resin should contain a residue of the blocking agent therein. 
In order for the thin resin layer to have an improved adhesion, it is possible to use a silane series, titanium series or 

2S aluminum series coupling agent in an amount of 0.05 to 10 wt.% versus the amount of the resin components. In a 
preferred embodiment, a silane series coupling agent is used in an amount of 0.05 to 8.0 wt.% versus the amount of 
the resin components. 

The formation of the thin resin layer on the photovoltaic element may be conducted, for example, by a manner of 
applying a given coating liquid onto the photovoltaic element by the conventional spray coating, spin coating or curtain 
30 coating process, followed by subjecting drying to remove the solvent, then subjecting to curing treatment. In this case, 
the thin resin layer is formed on the light receiving surface of the photovoltaic element in such a state that gaps present 
in the electrically conductive coat of the collecting electrode are desirably filled by the thin resin layer 

Back Side Filler 

35 

The backside filler 105 serves to attain a sufficient adhesion between the photovoltaic element 101 and the insu- 
lating film 106 (or the back face protective film). In the case where the back face reinforcing member 107 is used, it 
serves serves to attain a sufficient adhesion between the insulating film 106 and the back face reinforcing member 
107. The backside filler 105 is desired to comprise a material capable of sufficiently ensuring the adhesion between 
40 the electrically conductive substrate of the photovoltaic element 101 and the insulating film 106 and which excels in 
durability, withstands a thermal expansion and thermal contraction, and excels in flexibility. Specific examples of such 
material are hot-melt materials such as EVA, EEA, and polyvinyl butyral, and epoxy adhesives having flexibility. Besides 
these, double-coated tapes may be also usable. 

Alternatively, the backside filler 105 may comprise the same resin material used for the surface side filier 103. 

45 

Insulating Film 

The insulating film 106 (or the back face protective film) is disposed for the purpose of electrically isolating the 
electrically conductive substrate of the photovoltaic element 101 from the outside. The insulating film 106 is desired 
so to be composed of a material which can sufficiently electrically isolating the electrically conductive substrate of the 
photovoltaic element, and excels in durability, withstands a thermal expansion, thermal contraction, and flexibility. Spe- 
cific examples of such material are polyolefin series resin, acrylic series resins, styrene series resins, nylon, and pol- 
yethylene terephthalate (PET). 

ss Back Face Reinforcing Member 

In the present invention, the back face reinforcing member 107 is not always necessary to be used. It may be used 
in case where it is necessary to be used, for instance, depending upon the location where it is installed. As shown in 



11 



EP 0 784 348 A2 



FIG. 2, the back face reinforcing member 107 is disposed outside the insulating film 106 through the back side filler 
105. The back face reinforcing member 107 is used in order to improve the physical strength of the solar cell module 
and in order to prevent the solar cell module from being distorted or warped due to changes in environmental temper- 
ature. The back face reinforcing member may comprise a steel plate, a plastic plate, or a fiber-glass reinforced plastic 
s plate (or a so-called FRP plate). 

Production of Solar Cell Module 

Description will be made of a manner of producing a solar cell module according to the present invention, using 
10 the foregoing photovoltaic element, transparent organic polymer resins, and surface protective film. 

To coat the light receiving face of the photovoltaic element 101 by the surface side filler 103 may be conducted by 
(a) a manner of applying a coating liquid comprising a filler material dissolved in a solvent onto the surface of a pho- 
tovoltaic element and vaporizing the solvent of the coating liquid applied, (b) a manner of uniformly depositing a powdery 
filler material on the surface of a photovoltaic element and subjecting the powdery filler material deposited to heat 
is fusion, (c) a manner of providing a heat-fused product of a filler material and applying the heat-fused product onto the 
surface of a photovoltaic element through a slit, or (d) a manner of providing a sheet of a filler material obtained using 
a heat-fused product of the filler material and laminating the sheet on the surface of a photovoltaic element by way of 
thermocompression bonding. 

In the case of the manner (a), one or more of the forgoing organic peroxide, silane coupling agent, UV absorber, 
20 antioxidant and the like are firstly mixed with the solvent prior to dissolving the filler material therein. The resultant is 
applied onto the surface of the photovoltaic element, followed by drying. In the case of any of the manners (b) and (c), 
these additives are firstly mixed with the starting filler material. 

In the case where a surface side filler 103 is firstly formed on the surface of a photovoltaic element 101 , there is 
obtained a stacked body by laminating a surface protective film 104 on the light receiving face side of the photovoltaic 
2S element and laminating a back side filler 1 05 and an insulating film 1 06 in this order on the rear face of the photovoltaic 
element, and the stacked body is subjected to thermocompression bonding treatment, whereby a solar cell module 
can be obtained. In the case where a back face reinforcing member 1 07 is intended to dispose, it can be laminated on 
the insulating film 1 06 by means of an adhesive (a back side filler 1 05). The lamination in this case may be conducted 
upon conducting the above thermocompression bonding treatment or it may be independently conducted by an ap- 
30 propriate lamination means. 

In the case where a sheet-like surface side filler is used, upon obtaining the stacked body in the above manner, it 
is interposed between the photovoltaic element and the surface protective film, followed by subjecting to the thermo- 
compression bonding treatment, whereby a solar ceil module can be obtained. 

The thermocompression bonding treatment may be conducted by the conventional vacuum lamination process, 
3S roll lamination process, or the like. 

In the following, the present invention will be described in more detail with reference to examples which are only 
for illustrative purposes and not intended to restrict the scope of the present invention. 

Example 1 

40 

In this example, there was prepared a solar cell module having the configuration shown in FIG. 5 which comprises 
a photovoltaic element 301 (a solar cell) provided with a collecting electrode 307 having such a configuration as shown 
FIG. 4 in that the collecting electrode comprising a metallic wire as a core coated by an electrically conductive coat, 
wherein a specific transparent resin layer 308 having a relatively thin thickness, a surface side filler 302 and a surface 

45 protective film 303 are stacked in the named order on the front face side of the photovoltaic element 301 , and a first 
back side filler 304, a insulating film 305 (or a back face protective film), a second back side filler 304, and a back face 
reinforcing member 306 are stacked in the named order on the rear face side of the photovoltaic element 301. And 
the exposed face of the collecting electrode 307 is covered by the transparent resin layer 308 such that gaps present 
in the electrically conductive coat are filled by the transparent resin layer. In FIG. 5, reference numeral 300 indicates 

so light to be impinged into the solar cell module. 

The solar cell module was prepared in the following manner. 

1. As the photovoltaic element 301, there was provided a photovoltaic element having the constitution shown in 
FIG. 3. The photovoltaic element was prepared in the following manner 

(1). Preparation of a collecting electrode as the collecting electrode 307 shown in FIG. 5: 
55 First, there was provided a metallic wire made of Cu wound on a pay-out reel. 

Then, there was prepared an electrically conductive paste to be used for coating the metallic wire as follows. A 
mixed solvent composed of 2.5 g of ethyl acetate and 2.5 g of isopropyl alcohol was introduced into a dispersing and 
shaking vessel and 22.0 g of a urethane resin as a main component was added to the mixed solvent, followed by well- 
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mixing using a ball mill. Then, 1.1 g of a blocked isocyanate and 10 g of a dispersing glass were added to the mixture 
in the dispersing and shaking vessel, followed by adding 2.5 g of a carbon black powder having a average primary 
particle size of 0.05 uxn (as an electrically conductive material) to the mixture in the dispersing and shaking vessel. 
Thereafter, the dispersing and shaking vessel was shaken for 10 hours by means of a paint shaker (produced by 

5 Tohyoseiki Seisakusho Kabushiki Kaisha) to produced a paste in which the fine particles of the carbon black as the 
electrically conductive material are well dispersed in the dispersing and shaking vessel. The resultant paste was taken 
out from the dispersing and shaking vessel, and the dispersing glass was removed from the paste. By this, there was 
obtained a electrically conductive paste. 

The above metallic wire was coated by the resultant electrically conductive paste using a conventional wire coater 

io in the following manner. The metallic wire wound on the pay-out reel was delivered and the metallic wire delivered was 
successively taken up on a take-up reel, where the wire coater was operated to continuously apply the electrically 
conductive paste to the metallic wire moving from the pay-out reel toward the take-up reel while drying and curing the 
electrically conductive paste applied on the metallic wire. 

By this, there was obtained an collecting electrode having a core comprising the Cu-wire which is coated by an 

is electrically conductive material. The resultant collecting electrode was cut to obtain a plurality of collecting electrodes. 
(2). Preparation of a photovoltaic element: 

There was firstly provided a well-cleaned stainless steel plate as a substrate. On the substrate, there was formed 
a two-layered back reflecting layer comprising a 5000 A thick Al film and a 5000 A thick ZnO film by means of a 
conventional sputtering process, followed by forming, on the back reflecting layer, a tandem type photoelectric con- 

20 version semiconductor layer with a nip/nip structure comprising a 1 50 A thick n-type layer/a 4000 A thick i-type layer/ 
a 1 00 A thick p-type layer/a 1 00 A thick n-type layer/a 800 A thick i-type layer/a 1 00 A thick p-type layer being laminated 
in the named border from the substrate side by means of a conventional plasma CVD manner, wherein an n-type a- 
Si film as each n-type layer was formed from a mixture of SiH 4 gas, PH 3 gas and H 2 gas; an i-type a-Si film as each 
i-type layer was formed from a mixture of SiH 4 gas and H 2 gas; and a p-type ujC-Si film as each p-type layer was formed 

25 from a mixture of SiH 4 gas, BF 3 gas and H 2 gas. Then, on the photoelectric conversion semiconductor layer, there was 
formed a 700 A thick ln 2 0 3 film as a transparent and electrically conductive layer by means of a conventional heat 
resistance evaporation process wherein an In-source was evaporated in an 0 2 atmosphere. 

On the surface of the transparent and electrically conductive layer, the collecting electrodes obtained in the above 
step (1 ) were arranged at an equal interval, followed by subjecting to thermocompression treatment, whereby the 

30 collecting electrodes were fixed on the surface of the transparent and electrically conductive layer. 

The collecting electrodes thus formed on the transparent and electrically conductive layer were connected in series 
by bonding a wire bus bar to the collecting electrodes. For the resultant, a copper tub as a negative side power outputting 
terminal was fixed to the substrate by means of a solder and a tape of a tin foil as a positive side power outputting 
terminal was fixed to the collecting electrode. 

35 in this way, there was obtained a photovoltaic element (a solar cell) used as the photovoltaic element 301 

2. Formation of thin resin layer: 

The thin resin layer 308 was formed in the following manner. 

52 parts by weight of an acrylic resin comprising 2-hydroxyethyl methacrylate, 30 parts by weight of hexamethyl- 
enediisocyanate blocked by e-caprolactam, 13 parts by weight of organosiloxane polymer, and 5 parts by weight of y- 

40 glycidoxypropyltrimethoxysilane were admixed in a mixed solvent composed of xylene and methylisobutyl ketone with 
a mixing ratio of 1 : 1 to obtain a coating liquid having a resin content of 35 wt.%. The coating liquid was applied onto 
the light receiving face of the photovoltaic element 301 obtained in the above step 1 in an amount to provide a thickness 
of 25 jam when cured, by means of a conventional spray coating process so as to cover the collecting electrodes 307, 
and the coating liquid applied on the photovoltaic element was dried at room temperature for 15 minutes, followed by 

45 subjecting to curing treatment at 200 °C f or 1 0 minutes. By this, there was formed a 25 fim thick transparent resin layer 
as the transparent resin layer 308 on the light receiving face of the photovoltaic element so as to cover the collecting 
electrodes. 

3. As each of the surface side filler 302 and the first and second back side fillers 304, there was provided a 460 
jam thick resin sheet prepared in the following manner. 

so 100 parts by weight of an EVA (ethylene-vinyl acetate copolymer; vinyl acetate content: 33 wt.%, melt flow rate: 

30 dg/min.), 1 .5 parts by weight of 2,5-dimethyl-2,5-bis(t-butylperoxy)hexane as a Crosslin king agent, 0.3 part by weight 
of 2-hydroxy-4-n-octoxybenzophenone as an UV absorber, 0.2 part by weight of tris(mono-nonylphenyl)phosphate as 
an antioxidant, and 0. 1 part by weight of (2,2,6,6-tetramethyl-4-piperidyl)sebacate as a photo stabilizer were well mixed, 
followed by impregnating a glass fiber. The resultant was subjected to T-die extrusion, to thereby obtain a 460 urn thick 

55 resin sheet. 

In this way, there were obtained three resin sheets having a thickness of 460 urn used as the surface side filler 
302 and the first and second back side fillers 304. 

4. As the surface protective film 303, there was provided a 50 urn thick nonoriented ethylene-tetrafluoroethylene 
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copolymer (ETFE) film having a surface applied with corona discharge treatment to be contacted with the surface side 

filler 302. r**r™=o . H 

5. As the insulating film 305, there was provided a 50 urn thick nylon film (trademark name: D ARTEC, produced 

by Du Pont Company) having opposite surfaces applied with corona discharge treatment. 
5 6. As the back face reinforcing member 306, there was provided a 0.27 mm thick galvernized steel plate (trademark 

name: TAIMACOLAR, produced by Daidokohan Kabushiki Kaisha). 
7. Preparation of a solar cell module: 

On the surface of an aluminum plate, there were stacked the galvernized steel plate as the back face reinforcing 
member 306, the resin sheet as the second back side filler 304, the nylon film as the insulating film 305, the resin sheet 

10 as the first back side filler 304, the photovoltaic element 301 having the thin resin layer formed thereon, the resin sheet 
as the surface side filler 302, and the ETFE film as the surface protective film 303 in the named order to form a stacked 
body. Successively, there was superposed a heat resistant silicone rubber sheet over the stacked body so as to enclose 
the stacked body. And the space containing the stacked body between the aluminum plate and the silicone rubber 
sheet was sealed using an O-ring (the body established herein will be referred to as lamination instrument). Then, 

is using a vacuum pump, said space containing the stacked body was vacuumed so that the inside of the stacked body 
became 10 mmHg. After the inside of the stacked body was sufficiently vacuumed, the lamination instrument was 
introduced into a lurnace maintained at 150 °C and it was maintained lor 45 minutes, under condition of continuing 
the vacuuming operation. Thereafter, while still continuing the vacuuming operation, the lamination instrument was 
taken out from the furnace, followed by cooling to room temperature. 

20 Thereafter, the inside pressure of the lamination instrument was returned to atmospheric pressure to obtain a 

vacuum-treated stacked body. Thus, there was obtained a solar cell module. 

The above procedures were repeated to obtain a plurality of solar cell modules. 

Herein, one of the solar cell module was randomly selected, and for the solar cell module, examination was con- 
ducted whether or not gaps present in the electrically conductive coat of each of the collecting electrodes 307 by the 
25 thin resin layer 308. As a result, it was found that the gaps present in the electrically conductive coat of each collecting 
electrode are sufficiently filled by the transparent resin layer. 

Evaluation 

so Using the resultant solar cell modules, evaluation was conducted with respect to (1 ) initial characteristics, (2) heat 

resistance, (3) moisture resistance, (4) scratch resistance, (5) weatherability, and (6) electric insulating property. 
The evaluated results obtained are collectively shown in Table 1. 

The evaluation of each of the above evaluation items was conducted in the following manner. 
35 (1) Evaluation of the initial chracteristics: 

Using a solar cell simulator (AM 1.5), the solar cell module was subjected to irradiation of pseudo sunlight with 
100 mW/cm 2 , where its initial characteristics were examined. The examined result obtained was compared with that 
ol the photovoltaic element not having converted into a module. The compared result is shown in Table 1 on the basis 
40 following criteria: 

©: a case where a slight change is found, and 

O : a case where a distinguishable change is found but it is acceptable in practice. 
45 (2) Evaluation of the heat resistance: 

The solar cell module was exposed to an atmosphere of 1 50 °C for 1 5 hours, and thereafter, its exterior appearance 
was observed. The observed result is shown in Table 1 on the basis of the following criteria: 

so ©: a case where no substantial change is found, and 

O : a case where a slight change is found but it is acceptable in practice. 

(3) Evaluation of the moisture resistance: 

55 (i) Using a solar cell simulator (AM 1.5), pseudo sunlight with 100 mW/cm 2 was irradiated to the light receiving 

face side of the solar cell module for 24 hours while its bottom area being immersed in water, and thereafter, its 
characteristics were examined. The examined result obtained was compared with that obtained for the solar cell 
module before the test. 
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(ii) The solar cell module was maintained in an atmosphere of 85°C/85%RH tor 1 0 hours, and thereafter, a reverse 
bias of 0 85 V was applied to the solar cell module for 10 hours. Thereafter, its characteristics were examined. 
The examined result obtained was compared with that obtained for the solar cell module before the test. 

Based on the results obtained in the above (i) and (ii), there were observed solar cell module characteristics in 
terms of an increase in the series resistance (Rs) and a decrease in the shunt resistance (Rsh). 
The observed result is shown in Table 1 on the basis of the following criteria: 

O ' a case where a slight deterioration in the solar cell module characteristics is found, and 

X : a case where a remarkable deterioration in the solar cell module characteristics is found and it is not acceptable 

in practice. 

(4) Evaluation of the scratch resistance: 

A 1 mm thick carbon steel plate was contacted through a comer thereof to an irregularities-bearing portion of the 
surface of the solar cell module, and the carbon steel plate was then pulled while applying a load of 2 pounds to the 
carbon steel plate to form a scratch. The solar cell module thus treated was evaluated of whether or not its scratched 
portion of the surface cover is still electrically insulafrve in isolating the photovoltaic element from the outside. This 
evaluation was conducted by immersing the treated solar cell module in an electrolyte solution of 3000 tt.cm, and 
applying a voltage of 2200 V between the photovoltaic element of the solar cell module and the electrolyte solution to 
observe a leakage current occurred. The evaluated result is shown in Table 1 on the basis of the following criteria: 

O : a case where the leakage current is 50 \iA or less, and 

X : a case where the leakage current is apparently beyond 50 \iA. 

(5) Evaluation of the weatherability: 

The solar cell module was placed in a carbon-arc sunshine weather meter, where it was irradiated with pseudo 
sunlight for 5000 hours under conditions of alternately repeating a cycle of maintaining at a black panel temperature 
of 63 °C for 1 08 minutes and a cycle of pure water fall for 1 2 minutes. Thereafter, its exterior appearance was observed. 

The observed result is shown in Table 1 on the basis of the following criteria: 

O ' a case where no substantial change is found, and 

X : a case where the occurrence of a defect of hindering the reliability such as layer peeling, crack or the like is found. 

(6) Evaluation of the electric insulating property: 

The surface side of the solar cell module was maintained in an atmosphere of 85>C/85%RH for 1 000 hours, followed 
by electrically connecting the positive and negative side terminals by means of a connection cable to short-circuit them. 
The solar cell module thus treated was immersed in an electrolyte solution having an electric conductivity of 3000 ft. 
cm contained in a vessel having a counter electrode arraged therein, the connection cable was electrically connected 
to a terminal of a D.C. power source and the remaining terminal of the D.C. power source was electrically connected 
to the counter electrode, and the D.C. power was switched on to apply a D.C. voltage of 2200 V, where an electric 
current flown (a leakage current) was measured. The measured result is shown in Table 1 on the basis of the following 
criteria: 

O : a case where the leakage current is 50 jiA or less, and 

X : a case where the leakage current is apparently beyond 50 uA. 

Example 2 

The procedures of Example 1 were repeated, except that the Cu-wire as the core of the collecting electrode was 
replaced by an Ag-clad wire, to thereby obtain a plurality of solar cell modules. 

Using the resultant solar cell modules, evaluation was conducted with respect to initial characteristics, heat resist- 
ance, moisture resistance, scratch resistance, weatherability, and electric insulating property in the same manner as 
in Example 1 . 

The evaluated results obtained are collectively shown in Table 1. 
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Example 3 

The procedures of Example 1 were repeated, except that the Cu-wire as the core of the collecting electrode was 
_ . ^ H hw an Al-clad wire to thereby obtain a plurality of solar cell modules. , t 

P ^XTr^Z^ ceZc2\B S , evaluation was conducted wtth respect to initial charactenst.es, heat res.st- 
ance Sure ^^esSce s^lch resistance. weatherabiltty, and eiectric insulating property in the same manner as 



in Example 1 . 

The evaluated results obtained are collectively shown in Table 1 . 
Example 4 



Th a nrnrPriures of Example 1 were repeated, except that the blocked isocyanate in the formation of the thin resin 
lay eMn^ 

3 P Sltuit^il modules, evaluation was conducted with respect to initial characteristics, heat resist- 
ance ^r. Stance, weatherabillty, and electric insulating property in the same manner as 

in Example 1 . 

The evaluated results obtained are collectively shown in Table 1 . 



Example 5 



The orocedures of Example 1 were repeated, except that 2.5-dimethyl-2.5-bis(t-butylperoxy)hexane as the 
cros^nki^gent f or the EVA £. the step 3 and the thermocompression treatment in the step 7 was conducted at 1 50 
•r w mn minutes to thereby obtain a plurality of solar cell modules. .„•„., 

U B ™ the ^resuttantsoter cell modules, evaluation was conducted with respect to initial charactenst.es, heat resist- 
ance Sure ZZhTkZL resfctance, weatherabillty, and electric insulating property in the same manner as 

in Example 1 . _ 

The evaluated results obtained are collectively shown in Table 1 . 

Example 6 

Th* nrnrfidures of Example 1 were repeated, except that the blocked isocyanate in the formation of the thin resin 
^ZTsZl™*™™* hexamethyienodiisocyanate blocked by methyl ethyl ketone oxime. to thereby 

^S^Tu^X^***. valuation was conducted wtth respeetto inttia. characteristics, heat resist- 

..JXtl^i resistance ' and e,ectric insUlating Pr ° perty " the Same manner " 

in Example 1 . _ . 

The evaluated results obtained are collectively shown in Table 1 . 

Comparative Example 1 

The procedures of Example 1 were repeated, except that no thin resin layer was formed, to thereby obtain a 

P ' U HSi£ res^ot'ee.. modules, evaluation was conducted with respect to inftia. characteristics, heat resist- 
ance Sure resS,ce, scratch resistance, weatherabi.ity. and electric insulating property in the same manner as 

in Example 1. . . 

The evaluated results obtained are collectively shown in Table 1 . 

Comparative Example 2 

The procedures of Example 5 were repeated, except that no thin resin layer was formed, to thereby obtain a 

P,Ura uIo\^es C ulnt^ modules, evaluation was conducted with respect to initial characteristics, heat resist- 
ance ^mo^ resistance, weatherability. and electric insuring property in the same manner as 

in Example 1 . 

The evaluated results obtained are collectively shown in Table 1. 
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Comparative Example 3 

The procedures of Example 2 were repeated, except that no thin resin layer was formed, to thereby obtain a 

plurality of solar cell modules. . .. , t * - u^^iot 

Usinq the resultant solar cell modules, evaluation was conducted with respect to inrtial characteristics, heat resist- 
ance, moisture resistance, scratch resistance, weatherability, and electric insulating property in the same manner as 
in Example 1 . 

The evaluated results obtained are collectively shown in Table 1. 
Comparative Example 4 

The procedures of Example 3 were repeated, except that no thin resin layer was formed, to thereby obtain a 

plurality of solar cell modules. ... ♦ • * ; ^ u« otrae!et 

Using the resultant solar cell modules, evaluation was conducted with respect to initial characteristics, heat resist- 
ance, moisture resistance, scratch resistance, weatherability, and electric insulating property in the same manner as 
in Example 1 . 

The evaluated results obtained are collectively shown in Table 1 
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Comparative 
Example 1 

Comparative O 
Example 2 

Comparative O 
Example 3 

Comparative 
Example 4 

Based on the results shown in Table 1, it is understood that the solar cell modules obtained in the foregoing ex- 
amples belonging to the present invention in which the specific thin resin layer are sufficient enough in all the charac- 
teristics required for a solar cell module and therefore, they are highly reliable. 

On the other hand, the solar cell modules obtained in the foregoing comparative examples in which the specific 
thin resin layer (used in the present invention) is not used are satisfactory in initial characteristics and heat res.stance 
but they are apparently inferior in moisture resistance, scratch resistance, weatherability, and electric insulating prop- 
erty. Particularly, any of the solar cell modules obtained in the comparative examples is insufficient in moisture res.st- 
ance in that when moisture is invaded from its surface, the moisture is liable to pass through the gaps present in the 
electrically conductive coat of the collecting electrode and reach the core comprising the metallic wire of ^ collecting 
electrode, where the metallic wire is oxidized by the moisture to cause an increase in the series resistance (Rs) or/and 
the surface of the core is ionized and migrated to cause a decrease in the shunt resistance (Rsh). In addition, as 
apparent from the results shown in Table 1, any of the solar cell modules obtained in the comparative examples in 
which the specific thin resin layer (used in the present invention) is not used is apparently inferior to any of the solar 
cell modules obtained in the examples belonging to the present invention in moisture resistance, scratch resistance, 
weatherability, and electric insulating property. 
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Claims 

1 A solar cell module comprising a photovoltaic element having a light receiving face on which a collecting electrode 
having an electrical conductive coat and a surface side cover comprising a filler and a surface protective film 
sequentially laminated on the light incident side of said photovoltaic element, wherein a thin resin layer is interposed 
between said photovoltaic element and said filler such that gaps present in said conductive coat of the collecting 
electrode are filled by said thin resin layer. 

2. A solar cell module according to claim 1 , wherein the filler is crosslinked by an organic peroxide having an one- 
hour half life temperature of 100 °C to 300 °C. 

3. A solar cell module according to claim 1 , wherein the filler comprises an ethylene-vinyl acetate copolymer. 

4. A solar cell module according to claim 1 , wherein the electrically conductive coat is formed of an electrically con- 
ductive paste. 

5. A solar cell module according to claim 1 , wherein the collecting electrode comprises a metallic wire and said 
metallic wire is coated by the electrically conductive coat. 

6. A solar cell module according to claim 5, wherein the electrically conductive coat is formed of an electrically con- 
ductive paste. 

7. A solar cell module according to claim 5, wherein the metallic wire has a surface composed of silver or copper. 

8. A solar cell module according to claim 4 or 6, wherein the electrically conductive paste comprises electrically 
conductive particles and a binder resin. 

9 A solar cell module according to claim 1 , wherein the thin resin layer is formed by applying a coating liquid com- 
prising a transparent resin diluted by a solvent on the light incident side of the photovoltaic element and curing the 
coating liquid applied. 

1 0. A solar cell module according to claim 1 , wherein the electrically conductive coat has a thickness of 1 urn to 1 00 urn. 

11. A solar cell module according to claim 1 , wherein the thin resin layer has a thickness of 0.5 urn to 150 urn. 

12. A solar cell module according to claim 1 , wherein the thin resin layer contains a transparent organic resin. 

13 A solar cell module according to any preceding claim wherein said thin resin layer has a moisture permeability of 
0.01 to 20 g/m 2 .day or less in an atmosphere of 40°C and 90% RH, a light transmittance of 80% or more in a 
visible light wavelength region of 400 nm to 800 nm, and a refractive index of 1 .1 to 2.0. 

14 A solar cell module according to claim 13 wherein said thin resin layer is of cross-linked resin material selected 
' from acrylic resins, silicone resins, or fluorine^ontaining resins, and mixtures thereof with organosiloxane polymers 

or other inorganic polymers. 

15. A solar cell module according to claim 14 wherein said cross-linked resin material is of an acrylic resin and an 
organosiloxane polymer and includes an isocyanate blocked by a blocking agent. 
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